It is surprising, given the considerable storage within the saturated zone of the aquifer and the windows'. For some scenarios, using realistic superficial deposit geometries and aquifer 6 hydraulic parameters, the proportion of modern water (water that is derived from infiltration 7 that reached the water table since pumping started) could exceed 40 % within 15 years of 8 pumping.
9
Background

10
The Eden Valley lies between two upland areas; the Pennines to the east and the Lake District and major abstraction supplies.
13
The source of the nitrate is thought to be agriculture and a consequence of the intensification 14 of farming and an increase in cattle stocking densities. A review of nitrate pollution and 15 livestock farming (Hooda et al. 2000) suggested that spreading of slurry on fields is probably boreholes because of the considerable dilution within the borehole capture zone (Gooddy et 1 al., 2001 ). include the fracture contribution to permeability (Lovelock , 1972) .
8
Permeabilities used in regional models approach the intergranular value which suggests that 9 the influence of fracture permeability is probably more localised. As a consequence of this 10 and the high porosity of the sandstone, rates of groundwater flow at a regional scale are low.
11
Nevertheless, around abstraction boreholes, groundwater velocities are locally higher because 12 water movement is largely controlled by the fracture permeability (Worthington, 1977 In the early stages of the study it was difficult to identify any pattern to the locations of the 9 high groundwater nitrate boreholes (Figure 3 ). However, after large-scale geology and land 10 use maps were produced, the proximity of several of the boreholes, which had higher 11 groundwater nitrate concentrations, with 'windows' in the superficial (glacial drift) deposits 12 became apparent. The model was constructed using the regional groundwater modelling code ZOOMQ3D Model 1 (Figures 7 and 8 is shown in Figure 9 . represents an intergranular aquifer with uniform recharge (no drift cover).
16
The influence of fracturing close to the abstraction borehole on the proportion of modern 17 water pumped is shown in Figure 10 . This shows that when fracturing is present, the The influence of superficial cover on the proportion of modern water pumped from a non-11 fractured intergranular aquifer is shown in Figure 11 . Five recharge scenarios were 12 considered; in all cases the total recharge to the model was set at 55Ml/d. The five recharge 13 scenarios were as follows: 14 Scenario 1: there is no superficial cover and the recharge rate through the sandstone is 314 15 mm/y.
Scenario 2: superficial deposits cover 35% of the modelled area and the recharge rate 17 through these deposits is 119 mm/y. The recharge rate through the exposed sandstone is 416
Scenario 4: superficial deposits cover 35% of the modelled area and the recharge rate 1 through these deposits is fixed at 50 mm/y (corresponding to the recharge rate through till 2 estimated by Vines (1984) . The recharge rate through the exposed sandstone is 452 mm/y.
3
Scenario 5: superficial deposits cover 65% of the modelled area and the recharge rate 4 through these deposits is again fixed at 50 mm/y. The recharge rate through the exposed 5 sandstone is 818 mm/y. This is significantly higher than can be realistically expected, 6 although the travel time to the borehole was not affect by this recharge value as the borehole 7 catchment (or capture zone) was restricted to the area overlain by superficial deposits.
It is clear from figure 11 that the higher recharge rate (thorough the exposed sandstones) 10 close to the borehole (recharge scenaro 2, model run 5) and recharge scenaro 4 (model run 9)) 11 allowed a greater fraction of modern water to reach the borehole more rapidly. This is 12 because the borehole preferentially sources its water from the drift free area where recharge is In the scenarios where superficial deposits cover 65% of the modelled area , the abstraction 19 borehole is located beneath these deposits. The larger borehole catchment, due to the reduced 20 recharge rate, means that modern water takes significantly longer to arrive at the borehole. Modelling has provided a possible explanation both as to how some relatively deep boreholes 8 can pump water containing a significant percentage of modern water and why there can be 9 differences in nitrate concentration between boreholes in different hydrogeological 10 environments which cannot be explained by differences in land use alone.
11
Conclusion
12
Groundwaters in the Permo-Triassic sandstone aquifers in the Eden Valley show a 13 considerable variation in nitrate concentration, from less than 4 mg/l to more than 100 mg/l. Distance from well at which particle is released at surface (km) Time for particle to travel from surface to abstraction well ( 
